ABSTRACT Aim: This study assessed the risks associated with healthy late preterm infants and healthy term-born infants using national hospital discharge records.
INTRODUCTION
Late preterm newborn infants, born at 34 + 0 to 36 + 6 gestational weeks, are less physiologically and metabolically mature than infants born at term and face a higher risk of morbidity and mortality (1) (2) (3) . Late preterm has replaced near term to describe this group of newborn infants, because near-term incorrectly implied that these newborn infants were almost term and only required routine neonatal care (4) . On the other hand, from a public health perspective, birth at gestational ages of 34 + 0 to 36 + 6 weeks is much more common than those at less than 32 gestational weeks (5) . A study from the United States reported that late preterm births accounted for 74% of all preterm births in 2002 and that the proportion of late preterm infants among singleton live births in the United States increased from 6.9% in 1992 to 7.7% in 2002 (6) .
A population-based study of American and Canadian birth cohorts found that late preterm newborn infants had a higher risk ratio for death during infancy and that this accounted for an important percentage of infant mortality (5) . Cohort studies have demonstrated a gradient of increasing risk with decreasing gestation for newborn infants born late-term compared with newborn infants born full term. These applied to all interventions and morbidities, such as resuscitation at birth and nutritional support, temperature instability, apnoea, seizures, neonatal respiratory distress, feeding problems or the need for neonatal intensive care (7, 8) . Higher rates of re-hospitalisation have also been documented in late preterm newborn infants than in infants born at term (9) and children born late preterm 
Key notes
This study assessed the risks associated with 2940 healthy late preterm infants and 18 197 healthy termborn infants using national Spanish hospital discharge records. Preterm infants were hospitalised for longer and they were more likely to be readmitted at 30 days and one year than their full-term peers. The relative risk for death at one year was 4.9 in the late preterm group when compared to the term-born infants.
showed the greatest contribution to the disease burden at age three and five years of age (10) . However, the magnitude of these less favourable outcomes for late preterm newborn infants have not been well studied by nationally representative cohorts and their public health impact has not been assessed.
Healthy late preterm infants account for a large group of premature newborn infants in which prematurity is the only qualifier recorded at hospital discharge. It is unknown whether being born between 34 + 0 and 36 + 6 weeks of gestation entails a potentially lower risk for unfavourable outcomes than late preterm newborn infants with a code of prematurity and any associated disease. Large epidemiological studies are difficult to conduct in healthy late preterm populations, but national hospital registry databases can provide valuable information. A cohort study was designed to contribute to a better understanding of the impact of being born only a few weeks early on the outcomes during the first year of life. The objective of this study was to assess the risk associated with late preterm birth in healthy newborn infants compared to those born at term and admitted to the hospital.
METHODS

Study design
A retrospective cohort study was conducted to analyse hospitalisations of newborn infants using the minimum basic data set of hospital discharge records of the Spanish national healthcare registry database. The database was access in 2014 (11) and data were obtained for 2012-2013. The minimum basic data set is the largest administrative database on hospitalised patients in Spain and consists of the hospital discharge records on the information service run by the Spanish National Health System, which reports to the Ministry of Health, Social Services and Equality. It is compulsory for both private and public healthcare institutions throughout the country to provide information for the database. The diagnoses and procedures collected are coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) system (12) .
Population
We identified late preterm newborn infants as newborn discharges with a gestational age of 34 + 0 to 36 + 6 weeks, corresponding to the ICD-9-CM diagnostic codes 765.27 or 765.28. When code 765.20 (unknown) or no code for gestational age was recorded, we identified late prematurity with the ICD-9-CM codes 765.16 or 765.17. We considered them to be healthy late preterm newborn infants if they had been identified as late preterm infants and the diagnostic related group AP-DRGv27 classification at discharge was 620 for a normal newborn infant weighing 2000-2499 g or 629 for a, normal newborn infant weighing more than 2499 g. The Spanish minimum basic data set does not include the discharge records for every healthy newborn infant at birth. Therefore, healthy newborn infants were considered when the diagnostic related group at discharge was 629 for a normal newborn infant, in the absence of any ICD-9-CM codes for prematurity.
To make sure that the group was homogeneous as possible, episodes with a length of stay of less than one day were excluded, as were discharged diagnostic codes that indicated death or other or unknown. The discharge episodes identified as healthy late preterm or normal newborn infants were defined as the index episodes. We traced in-hospital deaths and admissions to the Spanish National Health System institutions that cared for healthy late preterm newborn infants and healthy newborn infants during the year after the discharge date of the index episode.
Outcome measures
The outcomes of the study were in-hospital mortality and hospital re-admissions at 30 days and one year after the index episode.
Statistical analysis
Categorical variables are expressed as frequencies and percentages and continuous variables as means and standard deviations (SD). The association between the study groups, including healthy late preterm newborn infants and healthy newborn infants, and the outcomes variables, were analysed using the chi-square test or Fisher's exact test. The effect was estimated with the relative risk and the 95% confidence interval (95% CI). Statistical significance was set at p < 0.05. Data were analysed with the STATA statistical programme, version 13.0. (StataCorp LLC, College Station, TX, USA).
RESULTS
There were 95 011 discharge episodes for newborn infants and we were able to identify 21 137 (22.2%) from the index episode: 2940 were healthy late preterm infants and 18 197 were healthy newborn infants. The flow chart of the study population is shown in Figure 1 . Of the 2940 healthy late preterm newborn infants, 855 were selected according to the diagnostic code 765.27, 2079 according to the diagnostic code 765.28, one according to the diagnostic code 765. 16 and two according to the diagnostic code 765.17.
A comparison of principal diagnoses made at the index episodes between healthy late preterm and full-term newborn infants is shown in Table 1 . There was a significantly higher rate of disorders relating to short gestation and low birthweight in the healthy late preterm group than in the healthy newborn infants born at term (84.3% versus 0.4%; p < 0.001) and the same pattern was observed for slow foetal growth and foetal malnutrition (2.9% versus 1.1%; p < 0.001). However, other diagnoses were more frequent in the group of healthy newborn infants, including other perinatal jaundice (20.2% versus 3.8%; p < 0.001), endocrine and metabolic disturbances specific to the foetus and newborn infant (4.7% versus 2.4%; p < 0.001), other respiratory conditions of the foetus and newborn infant (5.8% versus 1.8%, p < 0.001), observation for suspected infectious conditions (28.8% versus 1.6%; p < 0.001) and single live born delivery (2% versus 0.7%; p < 0.001).
The mean (SD) length of hospital stay was 6.0 (4.5) days in the healthy late preterm group as compared to 2.8 (1.3) days in healthy newborn infants born at term (p < 0.001).
Outcomes at 30 days are shown in Table 2 . Both readmission and mortality rates were significantly higher in healthy late preterm newborn infants than in healthy infants born at term. The incidence or one or more hospital admission was higher in the late preterm group: there were 304 admission episodes for 264 (9.0%) infants in this group compared with 877 re-admission episodes for 809 (4.4%) infants in healthy hospitalised newborn infants. In relation to diagnoses at the 30-day discharge episodes, we only found differences with regard to the category of other perinatal jaundice, which was more frequent in the healthy late preterm group (23% versus 14%; p < 0.001). Differences in acute bronchitis and bronchiolitis almost achieved statistical significance (16.4% versus 12.2%; p = 0.066). In the two late preterm newborn infants who died at 30 days, the principal diagnoses were sudden death from an unknown cause and perinatal disorders of the digestive system.
The outcomes in the study groups at one year are detailed in Table 3 . The rates for one or more re-admission and the mortality rates were significantly higher among the newborn infants in the late preterm group. There were 947 re-admission episodes in 673 (22.9%) late preterm newborn infants 2926 re-admission episodes in 2260 (12.4%) healthy hospitalised newborn infants group (p < 0.001). At hospital discharge, significantly higher percentages of acute bronchitis and bronchiolitis, respiratory syncytial virus (RSV) bronchiolitis, other perinatal jaundice and inguinal hernia were documented among healthy late preterm newborn infants than among healthy infants (Table 3 ). The mortality rate at one year was 0.1% in the late preterm group and 0.03% in the neonates born at term. The relative risk for mortality at one year in the healthy late preterm newborn infants was 4.9 (95% CI: 1.3-18.5; p = 0.026). 
DISCUSSION
This study showed that healthy late preterm newborn infants had higher risks of 30-day and one-year hospital re-admissions and in-hospital mortality than hospitalised healthy term newborn infants. The risk for worse outcomes during the first year of life adds evidence to the clinically important effects of being born late preterm, as previously reported (2, 5, 6) . A cohort study in Norway of 32 945 late preterm newborn infants who were born alive without congenital anomalies between 1967 and 1983, and who were compared with infants born at term, showed increased risks of cerebral palsy, mental retardation, schizophrenia, disorders of psychological development, behaviour and emotion. They also faced increased risks for any medical disability that affected their working capacity in adulthood (13) .
The present results in a national population-based cohort demonstrated that late preterm per se should be viewed as a high-risk condition for morbidity and mortality when compared to healthy term newborn infants at hospital discharge. The control group in our study was selected from newborn infants who were hospitalised, but were discharged with a principal diagnosis that stated they were a normal newborn infant. However, this population did not include term-born newborn infants who were not admitted to the hospital as they are not recorded in the national discharge system. It is likely that control group of healthy term newborn infants in our study may have represented a selected population of term infants with transient medical problems, but they were not significant enough to be codified differently than as a normal newborn infant.
The most frequent diagnoses associated with the healthy normal newborn infants were observation for suspected infectious disease and jaundice. Interestingly, in the healthy late preterm group the most frequent diagnosis at discharge, other than disorders relating to short gestation and low birthweight, was also perinatal jaundice, although in a lower proportion than for healthy infants. At 30 days, however, other perinatal jaundice was the only principal diagnosis that was significantly more frequently among late preterm newborn infants. Diagnoses of acute bronchitis and bronchiolitis were also more common in the late preterm group but the differences between this group and healthy newborn infants did not reach statistical significance. The hospital re-admission rate at 30 days was significantly higher in the late preterm group. In a prospective population-based study carried out in four centres in the United Kingdom (8) , late preterm newborn infants required a larger amount of care from specialist neonatal services in postnatal wards than normal newborn care. At 30 days, no deaths were recorded among healthy infants born at term, but there were two deaths in late preterm newborn infants. This finding also demonstrated that this population faced a higher risk, even when late preterm newborn infants had a discharge diagnosis of healthy late preterm. Also, the mortality rate at one year was significantly higher in this group when it was compared with healthy infants born at term.
Newborn infants in the late preterm group showed a risk ratio for re-admission at one year of 2.09, with a significantly higher percentage of infants requiring hospital readmission than the infants born at term. Although acute bronchitis and bronchiolitis and the RSV bronchiolitis were the most frequent diagnoses at discharge in both groups, the percentages of newborn infants diagnosed with these conditions were significantly higher in the late preterm group. Also, the only death recorded at one year due to acute bronchiolitis caused by rRSV occurred in the late preterm group.
The primary role of RSV in causing infant hospitalisations is well recognised. In a prospective, population-based surveillance of acute respiratory infections among children under five years of age in three American counties, only prematurity and a young age were independent risk factors for hospitalisation (14) . Global estimates in 2005 showed that episodes of RSV-related acute low respiratory infections roughly represented 22% of all episodes of this condition in children younger than five years worldwide (15) . In a retrospective cohort study of all children younger than three years enroled in the Tennessee Medicaid programme from July 1989 to June 1993 (248 652 child-years), during the first year of life, the estimated number of RSV hospitalisations was 57 per 1000 children for late preterm newborn infants and 30 per 1000 children for infants born at term with no underlying medical condition (16) . However, after the first year of life, children with congenital heart disease or prematurity had RSV hospitalisation rates that were no higher than those of children at low risk who were under 12 months old (16) . In a retrospective study of hospitalisations for RSV bronchiolitis in children aged less than one year from 2004 to 2012, using data from the Spanish National Health System records, the in-hospital mortality rate in children with risk factors was 18.8 times higher than in children without risk factors (17) .
The limitations of the study included the retrospective design and the lack of observations over successive years. However, the major strengths of the study included the large number of 95 011 episodes of newborn discharges and the fact that data were collected from compulsory hospital discharge records of the Spanish national healthcare system. This means that the results can be considered representative of Spain as a whole.
CONCLUSION
Healthy newborn infants, whose only condition was being born late preterm, constituted a high-risk population for 30-day and one-year hospital re-admission and mortality when they were compared with hospitalised healthy infants born at term. Bronchiolitis and RSV-related bronchiolitis were the most frequent diagnoses for re-admissions during the first year of life and were also significantly more common in the late preterm group. Preventive and therapeutic interventions over the past few years have focused primarily on low birthweight newborn infants and deliveries occurring at less than 34 weeks. Although many clinicians have become increasingly comfortable with births at late preterm gestations, and many seem to choose to perform elective deliveries well before 39-40 gestational weeks, they should be aware of the rate of anticipated morbidity and mortality demonstrated by late preterm births.
